. 3

B .

FEB 2 Y NCLASSIFIER ooy ﬁ"z-zg_@

W RM No. E6J21

RESEARCH MEMORANDUM

EXPERIMENTAL INVESTIGATION OF THRUST AUGMENTATION
OF A TURBQOJET ENGINE AT ZERO RAM BY

to persons in the military and naval Serv
United States, arppropria.te eivilian officers and em—

LY 5
Lt H
i MEANS OF TAIL~PIPE BURNING
~
} B Bruce T. Lundin, Harry W. Dowman, and David S. Gabriel
ey
P
b -4 . .
a A Aircraft Engine Research Laboratory
* 4 1 I
P! i - Cleveland, Ohio
i oy —— - .- P
A
L} : :
' 3
Coagl 1 :
.'?T i CLASSIFIED DOCUMNENT
'
o ‘;:L-bq' This document contains classified information affec—
R ting the National Defense of the United States within
- VL™~ the meaning of the Espionage Aof, USC 50:31 and 32.
: Tts transmission or the revelation of its contents in
3 ' any manner to an unauthorized person is prohibited by
H A law. Information so classified may be LmE:rted only
t es of the

yses of the eral Government who have a legit-—
Emate interest therein, and to United States citigens
of known egalty and discretion who of necessity must
be informed thereof.

ATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

Aullmptyj
zﬂri’mﬁ
RE

A2 & o~
WASHINGTON TAC 4 LIB; .
Ianuary 6 1947 T TRy ag
. . HAL ARy
X i AT o
LSS

Picl

"~ UNCLASSIFIED

s



S UNCLASSIFIED

ich Rt o TaL IHIHI“JII HIH!NI [

435 0327

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

EXPERTMENTAL: INVESTIGATION OF THRUST AUGMENTATION OF A TURBOJET
ENGINE AT ZERC RAM BY MEANS OF TATL~-PIPE BURNING

By Bruce T. Lundin,-Harry W. Dowmen, and David S. Gabriel

SUMMARY

The performance of a turbolet engline equipred with & tail-pips
burner designed by the NACA has heen investlgated at zero ram over a
range of rotor gpeeds and tall-pipe-burner fuel flows. The burner is
gimple in construction, consisting esgentially of an enlarged tail
pipe incorporating fuel-spray nozzles and & flame holder. An
edjustable-area exhaust nozzle is ingtalled at the burnsr discharge.

A thrust asugmentatlon of 40 percent was obtalned at zero ram for
a ‘tall-pipe-burner fuel-air ratic of 0.043 or & total fuel-air ratio
of 0.056. The over-all srecific fuel consumption for this thrust
increase was about 3.1 pounds per hour per pound of thrust. These
tests were conducted with turblne-discharge pressures lower than normal
and therefore sligatly higher thrust augmentations would be expected
under rated englne operating conditione. Calcuiations of englne and
burner performance at ram conditions, based on the test data, indicate
& net-thrust augmentation of 140 percent at a flight epeed of 900 miles
per hour.

Although the maximmm tail-pipe-burmer dlscharge temperatures were
estimated at'about 4000° R, the temperature of the burner shell and
ad justable nozzle did not exceed 1200° F for any test. This condition
obvliated the need for any specidl cooling of the burner shell.

The loss in thrust without afterburning caused by the internal
drag of the tall-pipe burner was 6.7 percent for a test condltion with
oversized exhaust-nozzle area and therefore lower than rated turbine-
discharge pressure and temperature., Calculations show that this value

would be reduced to sbout 3% percent at rated engine conditions.
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INTRODUCTION

The inherently low propulsive efficiency of turbojet engines at
low flight speeds r¥esults in relatively poor take-off and climb
characteristics of Jet-propelled aircraft as compared with conven-
tional engine-propeller powered aslircraft. In order to improve the
low-speed flight characteristics of Jet-propelled aircraft, 1t 1s
necessary to sugment the normal snglne thrust for short periods of
time. The availebllity of momentary thrust augmentation is partic-
ularly desirable for militery aircraft in order %2 obtaln the addi-~
tional thruest required for hlgh-speéd flight.

An invegtigation of various methods of augmenting the thrust of
turbojet engines 1s being conducted at the NACA Cleveland lsbcratory.
One of the methode belng investigated ls tail-pipe burning, or after-
burning, wherein the gas temperatures and jet velocitles are Increased
by the burning of additional fusl in the tail plpe of the engine. This
method of thrust augmentation is particularly advantagecus because of
the ease of operation end relatively low liguid consumption as compared
with other methods. Because chly a amall amount of additional sguip-
ment is required for the tail-pipe-burner Installation, which consists
mainly of an adjustable-area exhaust nozzls and enlarged taill plpe
incorporating fusl nozzles and a flame holder, this method also has
the practical advantage of simplicity of inatallstion.

A wind-tunnel investigation of a turbojet engine equipped with a
tail-pipe burner, which was conducted under various flight and alti-
tude conditions, le described in reference 1. A concurrent investl-
gation of the performance of varlous other types of tail-pipe burner
was conducted at zerc ram and seg-level conditlone. The tail-plpe
burner incorporating the most satisfactory design features investi-
gated and the performance of a turbojet engine egquipped with this
burner are described. This performance investigation covered a range
of rotor gpeeds and taill-plpe-burner fuel flowa. The results are
compared wlth the performance of the engine with the standerd tall
pipe and the effect aof the tall-plipe burner without afterburning on
the thrust of the engine is evaluated.

APPARATUS

Tegst engine. ~ The performance of the tall-pipe burner was Inves-
tigated on a TG-180 turbojet engine, which has an ll-stage axial-flow
compressor, eight cylindrical combustion chambers, and a single-stage
turbine. The rating of the englne is as follows:
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Static thrust, pounds . . « « - = « + ¢ ¢« =« & « ¢ ¢« s o« . . %000
Rotor speed, rpm . e s e e 2 + e s 3 s 8 e« « s 2« s 8 s « 1700
Tail-pipe gas temperature, CR v &« i i et i e e e e e e ... le6O

For all tests, JP-1 fuel was-used In the engine and AN-F-22 fuel was
used in the tall-pipe burner.

Engine installation. - The general arrangement of the installation
of the sngine with the standard teil pipe ie shown in figure 1. A
spherical "clam-shell” type adjustable-ares exhaust nozzle heving a

discharge-area range from 224 to 283 squarse Inches wes installed at
the end of & 30-inch long tall -n'I-nn. Thia ahort +ail -n'!-nn whicrh hea

Vail  Tiiw T OV T LALVIL g Ul AL SEAVL U Uledd papTy wiialodl LGS

an inside dlameter of 21 imches, was Ingtalled to provide for dischargs
of the exhaust gas ocutside the test ceil. The engine wes mounted on

& swinging framework suspended from the celling of the test cell and
the engine thrust was balanced and measured with an air-pressure dia-
phragm (fig. 1). An inlet-alr nozzle, fitted with an exit diffuser,
was used to determine the air flow. The engine speed and fuel flows
were measured with standard instrumentation.

Tail-pipe burner. - Several éifferent types of tail-pipe burner
were 1nvestigated; the complete assembly of the engine with the burner
that incorporated the most satisfactory design festures is shown in
figure 2. Thls burner is slmple in construction, conslisting essen-
tielly of an enlarged tail pive, which incorporates fuel-spray nozzles
and a flame holder. A sketch of the tail-pipe burner showing the
details of comstruction is ghown in figure 3; a photogreph of the
burner asgembly removed from the engine is shown in figure 4.

The burner shell consists of a 6~fool section of straight duct
made out of one-sixteenth inch thick Inconel and has an inside diameter

of 25§ inches. The burner is attached to the engine by means of an
annulgr diffuser secticn having an outlet-to-lnlet area ratio of 1.5
end a short adapter sectlon, which 1is bolted to the turbine-discharge
flange (fig. 3). The annulasr diffuser is formed by an inner cone,
gimilar to but elightly shorter than the standsrd Surbine-dischargs
immer cone, and an outer duct. 4&n adjustable-area exhaust nozzle
gimilar to that used in the standard tail pipe and with a discharge-
area range from 265 to 397 square inches is Titted to the discharge
of the tail-pipe burner.

As shown in figure 3, the fual was introduced into the tail-pipe
burner through two rings of spray nozzles, an upstream ring snd a
downstream ring. The upstream spray-nogzle ring protrudes about one-
elighth inch from the surface of the turbine-discharge inner cons near
the turbine discharge and coneists of twenty 40-gaellon-per-hour
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nozzles. The downstream nozzle ring consists of eighteen 60-gallon-
per-hour spray nozzles located wlthin the tall-plpe burnsr nesr the
end of the turbine-digcharge inner cone. The spray nozzles in thils

gecond ring, which has a diemeter of 14% inches, were directed down-

stream. A small atep in the turbine-discharge inner come provided a
seat for the flame produced by the fusl inJected from the upstream
ring of nozzles. A 2 inch wide, semltoroidal flame holder having a
diameter of 16 inches was locdted approximately $ inches downstream

of the downstream ring of spray nozzles. A vhotograph of the adapter
section and the modlfied turbine-discharge inner cons, showing the
upatream ring of fuel nozzles, is presented in figure 5. A photograph
of the tall-pipe-burner section, including the downstream fuel nozzles
and flame holder, viewed fram the upstream end is shown in figure €.

A single spark plug located near the astep 1n the turbine-d_scharge
lnner cono was provided for ignition.

Temperature and pressurse inastrumentation. - The sgtations at which
the englne with the standard taill pipe and the tall-pipe burner were
ingtrumented for temperature and pressure mcasuremsnts are shown in
figures 1 and 2, reapectively,

The number, type, and location of thermocouples werc as follows:

(a) Total temperature at compressor inlet (station 1) Ty: aver-
age of 20 thermocouples, five in each of four rakes g0° gpaxrt in the
inlst annulus.

(b) Indicated gas temperature at turbine discharge (station 5)
Ts: average of eight strut-type thermocouples located approxlmately

4 inches downstreem of the turbine dischargs, l%-inchea in from the

duct wall, end on the center line of each of the oight cambustion
chambersg.

(¢) Gas temperature at standard taill-pipe inlet (station &) TS:

average of elght strut-type thermocouples equally apaced in a circle
4 inches in from the tall-pipe wall.

The number, type, and location of preesure tubes wers as follcwa:

(a) Total pressure at compressor inlet (station 1} P;: average
of eight total-pressure tubes, two in each of four rakes 90° epart
(check provided by open-end tube in quiet zone of test cell).

(b) Static pressure at tail-pipe-burner inlet (station &) Pg:
pressure of plezometer ring comnected to four egnally spaced wall taps.

Gl
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(c) Static pressure at tall-pipe-burrer outlet (station 7) Pyt
pressure of plezomster ring comnected to four equally spaced wall
taps.

Four thermocouples were also spot-welded to the sghell of the .
tail-pipe bhurner and to the adjusteble-~area exhaust nozzle at the
locations shown in figure 2.

PROCEDURE
The following tests were conducted Lo determine the perfommance
and operating characteristics of the engine equipped with the tail-

plpe burner:

Test A. - Engine perrormsnce tests using the standard tail pipe
were conducted for four positions of the adjusteble-area exhaust
nozzle over a renge of indicated rotor speeds from 6000 to 7700 rum.

Test B. - Performance tests of the engine eguipped with the
tall-pipe burner were rum for a range of totsl tall-pipe-burner fuel
flows from 1.0 to 3.0 pounds per second and over a range of indicated
rotor speeds from 6500 to 7700 rpm. The position of the adjustable- -
area exhaust nozzle was varied as required to maintain the turbine-
discharge temperaturees wlthin the range of those obtained in the tests
wlth the standard tall pipe. For each total tall-pipe-burner fuel
flow, the proportion of fuel injected in the upstream and downstream
fuel manifolds was varled within the range of satisfectory burner
operation.

Test C. - Performance tests of the englne eguippsd with the
tall-pipe burner were conducted without afterburming, with the
ad justable nozzle in the clomed position, and over a range of rotor
epeeds fram 6000.tc 7700 rpm. This test was conducted to evaluate
the loss in engine thruet without afterburnling caused by the Internal -
drag of the tall-pipe burner.

Test D. - Test A was repeated to determine the chenge in standard-
englne perrormance that occurred during the tall-pipe-bturner and drag’
teats.

No specisl effort was maede In eny of these teste to provide an
ignition system that would ignite the tail-pipe burner at high engins
gpeeds. With the burner ignition system used it wasg necessary Lo -
reduce the rotor speed to approximately 4C00 rpm before igniting the
burner,
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SYMBOLS

The following symbols are used in this report:

F thruet of engine with etanderd tail pipe, (1b)
By thrust of engine with tail-pipe burner, (1b)
b3y total gpecific fuel consumptlon for engine and tail-pipe

burner, (1b)}/(hr)(lb thrust)

(f/a), tall-pipe-burner fuel-air ratio

N rotor speed, (rpm)

P total pressure, (lb/sq in. absolute)

jo! gtatlc pressure, (lb/sq in. absclute)

gy, tail-pipe-burner inlet velocity pressure (based on average
velocity computed for section 6-6, fig. 2),
(1b/sq £t absolute)

T total (indiceted) gas temperature, (°R)

Wg air flow, (ib/eec)

Wr 1 fuel flow to tail-pipe burmer, (lb/sec)

Wf,e fuel flow to engine, (1b/hr)

Apf friction static-pressure drop between stations 6-6 and 7-7
(fig. 2), (1b/sg T+ absolute)

& ratio of compressor-inlet total pressure Pl to NACA standard
sea-level pressure

6 ratio of compressof—inlet total temperature Ty to NACA
gstandard dea-level temperature

Subacriptse:

1 compressor inlet

5 turbine discharge

6 tail-pipe-burner inlet (or tail pipe)

7 tail-pipe-burner outlet
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METHOD OF CORRECTION AND DATA ANALYSIS

All engine performence data are correscted to standard conditlions
at the compressor inlet by means of the following correctlon factors:

£//€ corrected total specific fuel consumpiion,
(1b)/(hr)(1b thrust)

¥/5 corrected thrust, (1lb)
N/./6 corrected rotor speed, (rpm)

T/6 corrected temperature, (°R)

Va0
)

corrected air flow, (1b/sec)

—22 corrected fuel flow to engine, (1b,/hr)

85./6

e \
g—ﬁ? corrected fuel flow to tail-pipe burner, (1ib/sec)

The fuel flow to the tail-pipe burner Wf,b is corrected In the
game manner as the engine fuel flow Wf e .ln order to keep the same

tall-pipe-burner temperature ratio, hence the same thrust augmentation,
over the range of the correctiom.

The englne thirust obtalned with the tail-pips burmer should be
ccmpared with the thrust obtalned with the stendard tail pipe at the
same corrected rotor speed and turbine-discharge gas temperature,
Because of ths pcesibility that differences in the thermocouple loca-
tioneg and the tail-plps design for the two configurations might cause
the uss of measured turbine-discharge temperatures to result In an
unreliable comparison of engine performance, the corrected engine fuel
flow was used as the reference parameter. For esch test point with
tall-pipe burning, the exhaust-nozzle size for the standard engine
that resulted in the same corrected engine fuel flow (at the same
corrected speed) was determined from the curves of teost D and the
correaponding thrust of the englne with the standard tail pipe deter-
mined for this nozzle size. Because the turblneo-discharge temperature
for both configurations would be the same at the game corrected rotor
apeed and engine fuel Flow 1f the component efflciencies of the engine
did not change, the comparison of engine thrust obtained in this menner
is effectively made at the same rotor gpeed and turbine-discharge gsas
temperature.

]
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RESULTS AND DISCUSSION
Engline with Standard Tsil Plpe

The thrust of the engine with the standard tall pipe at a cor-
rected rotor gpeed of 7500 rpm for teste A and D ie shown plotted
agalnst the corrected fuel flow to the englne In figure 7. Thess
data were obtalned from cross plote of engine thrust agalunst rotor
speed for the different posltions of the adjustable-area exiiaust
nozzle and show that the change in engine thruet during tests B and
C is very small. Because of this small changs in engine thruat,
the performance of the engine with the standard tall pilpe may be
obtained from elther test A or D. Accordingly, the results of test D
are used as a basls for evaluztion of tests B and C.

The performence of the engine with the standard tail pipe
(obtained from test D) is shown in figure 8, in which corrected -
thrust, fuel flow, turbine-discharge ges temperature, tail-plpe gas
temperature, and alr flow are plotted againet the corrected rotor
speed. The turbine-discharge temperature: Ty is about 100° F higher
than the tall-plpe gas temperature Tg; because 1t was measured by
thermocouples located in & hot reglon of a clrcumferentially unoven
temperature field at the turbine discharge., During tests with both
the standard tail pipe (tests A and D} and with the tail-pipe burner
(test B), the engine was operated with tail-plpe gas temperatures
approximately 100° F below normal in order to prolong the engine life.
The increased exhaust-nozzle area reguired to maintain these lower
temperatures resulted in lower pressures with approximately the same
gas veloclty at ths inlet to the tail-pipe burner as compared with
rated englne operation. Becausse thesge changes in temperature and
pressure are consldered adverse to combuation, thils test procedure
is coneldered comservative insofar as the combustlon characteristics
of the tall-pipe burner are concerned. These lower tgll-plpe-burnexr
inlet pressures would also result In slightly lower thrust augmenta-
tion for the same burner temperature ratio, as will be illustrated
later.

Engine with Tall-Pipe Burner, No Afterburning

A camparison of the performance of the engine with the tail-pipe
burner without afterburning (test C) to the sngine performance with
the standard tail pipe (teat D)} is shown in figure 9. For this com-
parison, the performance of the engine with the standard tall pipe i1a
glven for the same engine fuel flows as obtained with the tall-pips
burner. The engine thrust for both of these teste is lower than the
meximum obtained in test D (fig. 8(a)) becsuse the minimum area of
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the buwrner tall-vipe nozzle was too large to psrmit operation without
afberburning at desired turbine-dischearge gas temperatures. A coma-
parison of tests C and D shows that the tall-pipe burner canges a
loss in thiust of about 6.7 percent (200 1b) at a corrected rotor
gpeed of 7700 rpm (fig. 9{(a)}. Because of the lcwer pressures in the
tail plpe caused by the overslzed exhaust nozzle, this loss in thrust
is higher than would be obtained 1f the engine were operated at
rated conditions. Theorstlical calculations based on this measured
thruat loss at the conditions of the test indicate that a loss of

thrust of about 3% percent would occcur If the exhaust-nozzle area

were sufficiently reduced to maintaln maximm alloweble ges temper-
aturea. As would be expected, both the tall-pipe gas temperatures
and the air flow are only slightly affected by the instaliatlion of
the tail-plipe burner.

The friction pressure-drop coefficient Apf/qb of the tail-pipe
burner was determined from the measursd static-pressure drop between
ths burner inlet and the burner outlet and had a constant value of
about 0.30 over thse range of the teste. Although this presgure-drop
coefficient is considered only approximate becaude of the difficuliy
of accurately messuring the amall differsnce in pressure, it indicates
that the imternal drag of the burner is low.

Engine with Tail-Pipe Burner, Afterburning
Engine performance. - The corrected performance of the engins

with afterburning over a range of rotor spseds and for variocus fuel
flows into the tail-pipe burner (test B) 1s presented in tabie I.

The ratio of the thrust cbtained with the tall-pipe burner to
the thrust obtained with the standerd tail pipe at a corrected rotor
speed of 7500 rom (indicated rotor speed, aepproximately 7700 rpm) is
plotted againet the ratio of tail-pipe-burner Fuel-air ratlio to
turbine-dischaerge gas temperature (f/a)y/Ts in figure 10. When the

effects of dissociation and varisble speclfic heate are neglected,
the factor (f/e)y,/Ts is proportional to the tail-pipe-burner tem-

perature ratio and therefore serves to corrslate the data. A maximm
Increage in thrust of 40 pexrcent was obtained, at whick point the
corrected tail-pipe-burner fusl-alr ratio was 0.043 (totsl fuel-alr
ratio, 0.056) and the corrscted turbine-discharge gas temperature
was 1600° R. The scatter of the data is attributed mainly to varia-
tions in taill-plpe-burner efficiency and also in part to variatlons
in turbine-discharge pressure between the various Leat points.
Although a superficial examination of the data may indicate that
highest thrust augmentatlon is cobtained when 50 to 60 percent of

GONER e
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the fuel 1s inlected in the upstream fuel nozzles, the effect of the
variation in turbine-discharge pressurss would obscurs any effect

of the fuel-injection method on the thrust augmentation. The effect
of the method of fuel injectlon on the operating characteristice of
the taii-pipe burner id gubseduently dlscussed.

A plot of the thrust augmentation as a function of the total
apecific fusl consuliptlon is presented in flgure 11 for a corrected
rotor speed of approximately 7500 rpm. Thls curve ghows that the
total agpecific fuel consumption Increases from about 1.1l to 3.1 pounda
psr hour per pound of thruet as the eugmentation 1lncreases from 0 to
40 percent. The scatter of the test points is attributed mainly to
variations in tail-pipe-burner and turbine-discharge pressures, es
wag noted 1n figure 10 and, to a lesmer extent, to changes in the
turbine-discharge temperatures.

The thrust augmentation is replotted as a function of the ratlo
of tall-pipe-burner cutlet temperature to inlet temperature in flg-
ure 12, The theoretical thrust augmentation for both rated turbine-
discharge conditlions and the average ¢onditions obtained during
test B ie included for compariscn. The calculations for thess theo-
retlcal curves were based on the intermal drag of the tail-plpe burner
ag determined from the measured thrust lose aof teat C. It 1s noted
from these theoreticel curves thal the thrust augmentatica for any
fixed tempersture ratlo is higher for rated englne conditions than
for the average conditlone of the tests. Thils difference is mainly
due to the smaller effect of burner pressure drop at the higher
burner-inlet pressures stltendant with rated engine operation. From
these considerstlions, 1t may be expected that thrust augmentations
greater than 40 percent would be obtained with the present tall-pipe
burner at rated englne operating conéitlions.

The temperature ratic for each of the test points was calculated
from the measured tail-pipe-burner fuel-air ratio and turbine-~discharge
temperature, 1ncluding the effects of dissociation and varlable spe-
cific heats. Although a high degree of accuracy cannot be claimed for
calculations of temperature ratic at rich mixtures, the good agreement
between the theoretical curve (for the test corditlons} and the test
points indicates that the over-all efficiency of the tall-pipe burner
was high.

Because both the propulsive effilclency of tlhie enginc and the
turbine-discharge pressure Increase with flight speed, the net-thruat
augmentation for any t'ixed tail-pipe-burner temperature ratio also
increases as the flight apeed 1a ralsed. Thia cheracterlstic 1s
illustrated in figure 13 in which the calculated net-thrust augmen-
tation is plotted against flight speed in miles per hour for mea-lesvel

OONEEDE e
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conditions. A scale of corresponding flight Masch numbers is included
for convenlence. Curves for both rated engino operating conditions
and for the turblne-discharge condltiona obtained for the test point
at the highest taill-pipe-burner fuel flow are presented in this fig-
ure. The variation of englne operating conditions with flight

speed was determined from calculations based on tle performance
curves of figure 8 and the thrust augmentation was calculated by
theoretical methodg. Both of the curves were calculated for a con-
stant temperature-rise ratio of 2.34; thie temperature ratio 1s the
ratio required to obtain & thrust augwentation of 40 percent at zsro
ram for the condltions of the chosen test polnt. The tail-pipe gas
temperature was assumed to be held comstent (at 1475° R for test
conditions and 1660° R for rated conditions) over the range of flight
speeds by adjustment of the exhaust-nozzle area.

No combustion difficulty would be expected with the tail-pips
burner at high flight speeds because cf the considerable incrsase in
burner-inlet pressure which, as was ncted previously, is favorable
to combustion. The dburner fuel-air ratio weculd, of course, be con-
stant over the range of flight speeds because the tail-pipe gas tem~
perature wes assumed constent. The curve calculated from actual test
conditions indicates that a thrust augmentation of 140 perceat may bhe
expected at 900 miles per hour (ram-pressure ratlio, 2.1l at sea level).

Opersting cheracteristics. ~ In general, the most sablsfactory
operation of the tail-plpe burner was obtalned when an equal or
slightly greater quantity of fuel was injected in the upstream fusl
nozzles than In the downstream fuel nozzles. The injection of
greater guantities of fuel in the downstream fusl nozzles resulted
in reduced thruet augmentatlon and overheating of the burner shell.
When more than 60 percent of the fuesl was injJected from the upstream
spray nozzles, the combustion became rcugh and intermittent. Steady
combustion was obtained throughout the range of tesgt conditions
presented.

Although the maximum tall-pipe-burner ocutlet temperatures are
estimated at about 4000° R, the temperature measured on both the
burner shsll and exhaust nozzle did not exceed 1200° F for any of
the tests reported. This condition, which is attributed to a layer
of low-temperature ges along the inside of the burmer wall, obviated
the need for any spectal cooling of the tall-pipe-burner shell.



12 CONREDEIRRT™ ' NACA BM No. ESJ21

SUMMARY OF RESULTS

An investigatlon of thrust sugmentation at zero ram conducted
on a burbojet engine egquipped with & simple tall-plpe burner designed
by the NACA gave the following results:

1. A thrust sugmentation of 40 percent was obtained at zero ram
for a tall-pipe~burner fuel-alr ratio of 0.043, or a total fuel-alr
ratio of 0.056. The over-all specific fuel consumption for this
thrust increase was sbout 3.1 pounds per hour per pound of thrust.
These teste were conducted with turbine-discharge preasures lower
than normal and therefore slightly higher thrust augmentations would
be expected under rated engime operating conditions. Calculations
of engine and burner performance at ram cgnd‘tions, based on the test
data, indicated a net-thrust augmentetion of 140 percent at S00 mlles
per hour.

2. Although the mexlmum tail-pipe—burner discharge temperabures
were estimated at about 4QQ0° R, the tompsrature of the burner shell
and adjuateble nozzle did not exceed 120C° F for any tegt. This
condition obviated the nesd for any special cooling of the burnex
ghell,

3. The logs in thrust without afterburning caused by tho lnternal
drag of the tall-pipe burner wag 6.7 percent for a tegt condition
with oversized exhaust-nozzle area and therefore lower than rated
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turbine-discharge pressure and temperature. Calculations show that

this value would be reduced to about 3J-= percent gt rated engine
conditions. 2

Alrcraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Chio.
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TABLE I - CORRECTED PERFORMANCE DATA FOR TAIL-PIPE-BURNING TESTS, TEST B
RotorThrust | Engine Alr Turbine- Tell-pipe- Tail- |Total [Total
gpeed| (1b) {fuel flow |discharge burner fuel flow pipe- |fuel-}japecific

Run| (rpm) flow (1b/sec)|temper- | Up- Down - Total |Purner|eir [fuel

(1v/hr) ature gtream | streem fuel- |ratiolconsumption
. (°R) (1b/sec){ (1b/sec)! (Lb/aec)!air (1n)/(ar)
ratio (1b thrust)

7 |6368 | 2247 | 2192 55.07 1454 0.66 0.34 1.00 |0.0182 0293 2.581
8 {6836 | 2644 | 2532 60.95 1472 .65 34 .99 - | .01631,0278 2,308
9 {7480 | 3192 | 3044 68.18 1510 64 .34 .98 0144, 0268 2,062
10 36354 | 2557 | 2325 54.81 1508 .52 1.00 1,52 | .0278).0396 3.052
11 {6832 | 2987 | 2694 61.29 1525 .52 1.00 1,52 .02481.0370 2.738
12 74668 | 3610 | 3246 68.33 1576 .52 1.00 1,52 L0222 1.0354 c.410
13 |6329 | 2757 | 2442 54,58 1566 .16 .16 1.52 0278 1.0403 2.889
14 16825 | 3281 | 28860 61.08 1586 .76 T8 1.52 .02481.0578 2.528
15 17456 | 3985 | 3450 68.14 16847 .78 .74 1.52 0223 |.0365 2.248
16 (6319 | 2817 | 2463 S4.28 1581 .99 .50 1.49 .02751.04011 2,783
17 |6842 | 3381 | 2903 Gl.44 1598 .98 .50 1.48. L0241 |.0373 2.437
18 |7463 | 3974 | 3472 68,45 1651 97 .49 1.46 | .0214].0355 2,199
22 |B3€9 | 2776 | 2334 55.01 1540 1.00 1.01 2.01 .0365|.0483 3.447
23 |6848 | 3295 | 2712 6l.21 1551 1.00 1.01 2.01 L0328 {.0451 3.018
24 |7500 | 3983 | 3323 68.3% 1605 1.Q00 1.01 2.0L .0294 [,0429 2.651
26 |6840 | 3295 ! 2712 61.47 1582 1.20 .82 2.02 +0327 |.0450 3.021
a7 |7497 | 4005 | 3502 68.68 " 1609 1.19 .82 2.01 | .0292(.0425 2,826
28 {6809 | 3394 | 2747 81.92 1582 1.0t 1.49 2.50 0403 {.0526 3,456
29 |7512 | 4127 | 3342 68.88 1618 1.00 1.47 2.47 .0359 .0495 2.963
30 (6870 | 3477 | 2742 61.48 1570 1.26 1.26 2.52 .0408 1,0532 3,389
31 {7506 | 4214 | 3362 £8.68 1632 1,25 l.25 2.30 . 0364 {,0500 2.93%3
34 {7460 | 4193 | 3349 69.01 1597 .16 2,19 2.95 0427 |.0562 3.351
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Figure 2. - Turbojet engine with tail-pipe burner showing instrumentation
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NACA RM No. E6J21I IaTATVR SRR =S Fig. 6
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Figure 6. - Upstream view of tall-pipe burner showing down-
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